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FermionMixing andSoftLeptogenesisin a SUSYSO � 10��� SU � 2� F Model K.T. Mahanthappa

SO(10)haslong beenthoughtto beanattractive candidatefor a grandunifiedtheory(GUT).
Sinceacompletequark-leptonsymmetryisachieved,it hasthepromisefor explainingthepatternof
fermionmassesandmixing. Recentatmosphericneutrinooscillationdatafrom Super-Kamiokande
indicatesnon-zeroneutrinomasses,giving verystrongsupportto theviability of SO(10)asaGUT
group.ModelsbasedonSO(10)combinedwith discreteor continuousfamily symmetryhavebeen
constructedto understandthe flavor problem[1, 2]. Most of the modelsutilize “lopsided” mass
textureswhich usuallyrequiremoreparametersandthereforearelessconstrained,in additionto
giving rise to dangerouslylarge ratefor µ  eγ . The right-handedneutrinoMajoranamassop-
eratorsin most of thesemodelsare madeout of 16H which breaksthe R-parity at a very high
scale.Theaim of this talk, basedon Ref. [3], is to presenta realisticmodelbasedon supersym-
metricSO(10)combinedwith SU(2)family symmetrywhichsuccessfullypredictsthelow energy
fermion massesandmixings. Sincewe utilize symmetricmasstextures(which arisenaturally if
SO(10)breaksdown to SM throughtheleft-right symmetricbreakingroute)and126-dimensional
Higgs representationsfor the right-handedneutrinoMajoranamassoperator, our model is more
constrainedin addition to having R-parity conserved. SO(10)relatesthe up-quarkmassmatrix
to the Dirac neutrinomassmatrix, and the down-quarkmassmatrix to the charged leptonmass
matrix. Thesetmassmatrix combinationis givenby, at theGUT scale,

Mu � νLR � ����� 0 0 a

0 beiθ c

a c 1

������ dvu � Md � e � ����� 0 ee� iξ 0

ee� iξ � 1 � � 3� f 0

0 0 1

������ hvd � (1)

Thesmallnessof theneutrinomassesis explainedby thetype I seesaw mechanism.We consider
aneffective neutrinomassmatrixof theform

MνLL � MT
νLR

M � 1
νRR

MνLR � ����� 0 0 t

0 1 1� tn

t 1� tn 1

������ d2v2
u

MR
� (2)

with n � 1 � 28. This form is obtainedif theright-handedneutrinomassmatrixhasthesametexture
asthatof theDirac neutrinomassmatrix,

MνRR � ����� 0 0 δ1

0 δ2 δ3

δ1 δ3 1

� ���� MR � δi � fi � a � b � c � t � θ � � (3)

TheSU(2)family symmetryis implementedá la theFroggatt-Nielsenmechanism.Detailedquan-
tum numberassignment,superpotentialandtheVEVs acquiredby variousscalarfieldsaregiven
in Ref. [3]. Theinput parametersat theGUT scalealongwith thepredictionsfor chargedfermion
massesand CKM mixing including 2-loop RGE effects are also summarizedin Ref. [3]. Us-
ing ∆m2

atm � 2 � 49  10� 3 eV2 and ∆m2! � 7 � 92  10� 5 eV2 for the LMA solution as input pa-
rameters,we determinet � 0 � 35 and MR � 6 � 57  1012GeV, which yields δ1 � 0 � 00120,δ2 �
0 � 000714ei � 1 � 48� , δ3 � 0 � 0211e� i � 0 � 180� . The threemasseigenvaluesare predictedto be mν1 �
0 � 0030eV, mν2 � 0 � 00939eV, mν3 � 0 � 0508eV, andthemixinganglesarepredictedtobesin2 2θatm �
1 " tan2θ ! � 0 � 412" sin2 2θ13 � 0 � 0568. Thesepredictionsagreewith currentboundsfrom ex-
perimentswithin 1 σ . The strengthsof CP violation in the lepton sectorare # Jl

CP " α31 " α21 $ �
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FermionMixing andSoftLeptogenesisin a SUSYSO � 10��� SU � 2� F Model K.T. Mahanthappa#&% 0 � 00983" 0 � 916"'% 1 � 52$ , andthematrix elementfor theneutrinolessdoubleβ decayis givenby(*)
m + ( � 3 � 41  10� 3 eV.
The relevant interactionsthat give rise to leptonflavor violating decayscomefrom the soft-

SUSYbreakingLagrangian,%-, sof t �.# m2/
L $ i j 01 †Li 01 L j 2 # m2/

e $ i j 0e†
Ri 0eRj 2 # m2/

ν $ i j 01 †Ri 01 Rj 2 # 0m2
hd $ 0H†

d 0Hd 2 # 0m2
h2 $ 0H†

u 0Hu243 Ai j
ν 0Hu 0ν �Ri 0νL j 2 Ai j

e Hd 0e�Ri 0eL j 2 1
2

Bi j
ν 0νRi 0νRj 2 BhHdHu 2 h � c � 56� (4)

As thesleptonmassmatrix # m2/
L $ i j is flavor-blind at theGUT scalewith mSUGRAboundarycondi-

tions,thereis no flavor violationatMGUT . However, theoff diagonalelementsin thesleptonmass
matrix canbegeneratedat low energiesdueto theRG evolutionsfrom MGUT to MR,

δ # m2/
L $ i j �7% 1

8π
# 3m2

0 2 A2
0 $  ∑

k� 1� 2 � 3 #98 †
ν $ ik #98 ν $ kj ln # MGUT

MRk

$ � (5)

Here 8 ν is theYukawacouplingsfor theneutrinosin thebasiswherebothchargedleptonYukawa
matrix andtheMajoranamassmatrix for theRH neutrinosarediagonal.Thenon-vanishingoff-
diagonalmatrix elementsin # δm2/

L $ i j induceslepton flavor violating processesmediatedby the
superpartnersof theneutrinosatone-loop,leadingto variousleptonflavor violatingprocesses.The
branchingratio for

1
i  1

j 2 γ is givenby,

Br # 1 i  1
jγ $ � α3

G2
Fm8

S :::: % 1
8π
# 3m2

0 2 A2
0 $ ::::

2 :::: ∑
k� 1 � 2� 3 #98 †

ν $ ik #98 ν $ kj ln ; MGUT

MRk < ::::
2

tan2β � (6)

Currentlythemoststringentexperimentalboundon theleptonflavor violating processesis on the
decayµ  eγ . Thepredictionof our modelfor Br # µ  eγ $ shown in Fig. (1a) is well below the
currentbound,1 � 2  10� 11, yet it is within thereachof thenext generationof experiments.

Soft leptogenesis(SFTL) utilizes the soft SUSY breakingsector, and the asymmetryin the
leptonnumberis generatedin the decayof the superpartnerof the RH neutrinos. It hasSUSY
breakingas the origin of the CP violation and lepton numberviolation. As a result, it allows
a much lower boundon the massof the lightestRH neutrino,M1, comparedto that in standard
leptogenesis(STDL) [4]. The relevant soft SUSYLagrangianin SFTL that involves lightestRH
sneutrinos0νR1 is, %-, sof t �=# 12BM1 0νR1 0νR1 2 A8 1i 0Li 0νR1Hu 2 h � c � $ 2 0m2 0ν†

R1 0νR1 � (7)

ThissoftSUSYLagrangiantogetherwith thesuperpotentialthatinvolvesthelightestRH neutrino,
N1, W � M1N1N1 2 8 1iLiN1Hu, giveriseto thefollowing timeevolutionHamiltonianof the 0νR1- 0ν†

R1

system,

d
dt > 0νR10ν†

R1 ? �A@ > 0νR10ν†
R1 ? "B@ �DC % i

2
A "EC � > 1 BF

2M1
B

2M1
1 ? M1 " A � > 1 AF

M1
A

M1
1 ? Γ1 �

(8)
The total decaywidth Γ1 of the lightestRH sneutrinois givenby, Γ1 � 1

4π #98 ν 8 †
ν $ 11M1 � 0 � 374

GeV. Theeigenstatesof theHamiltonianare 0N GH � p 0N I q 0N† and ; q
p < 2 � 2J F12 � iA F12

2J 12 � iA12 K 1 2 Im ; 2Γ1A
BM1 < ,
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Figure 1: (a) Predictionfor µ 	 eγ for (S1)m0 M A0 M 100GeV; (S11)m0 M 100GeV, A0 M 1 TeV; (S2)
m0 M A0 M 500GeV; (S3)m0 M A0 M 1 TeV; (b)Theregion of soft SUSYmasses,A andBN , thatgivesrise
to observedamountof baryonasymmetry.

in the limit A12 O C 12. Similar to theK0 % K
0

system,thesourceof CP violation in the lepton
numberasymmetryhereis dueto theCPviolationin themixing whichoccurswhenthetwo neutral
masseigenstatesaredifferentfrom theinteractioneigenstates.ThereforeCPviolation in mixing is

presentaslong asIm ; AΓ1
M1B <QP� 0. For this to occur, SUSYbreaking,i.e. non-vanishingA andB,

is required.The total leptonnumberasymmetryintegratedover time, ε , is definedastheratio of
differenceto thesumof thedecaywidthsΓ for 0νR1 and 0ν†

R1
into final statesof thesleptondoublet0L andtheHiggsdoubletH, or theleptondoubletL andthehiggsino 0H or their conjugates,

ε � ∑ f � � /L H � � � L /H �SR ∞
0 T Γ # 0νR1 " 0ν†

R1
 f $ % Γ # 0νR1 " 0ν†

R1
 f $VU

∑ f R ∞
0 TΓ # 0νR1 " 0ν†

R1
 f $ 2 Γ # 0νR1 " 0ν†

R1
 f $VU � ; 4Γ1B

Γ2
1 2 4B2 < Im# A$

M1
δB � F � (9)

Thefinal resultfor thebaryonasymmetryis,

nB

s K %W# 1 � 48  10� 3 $ ; Im# A$
M1 < R κ " R X 4Γ1B

Γ2
1 2 4B2

(10)

wherethe dilution factorκ � 0 � 00061in our model. As Γ1 is of the orderof YZ# 0 � 1 % 1$ GeV,
to satisfy the resonancecondition, Γ1 � 2

(
B
(
, a small value for B O 0m is thusneeded.Sucha

small valueof B canbe generatedby an operator R d4θZZ†N2
1 [ M2

pl in the Kähler potential. In
our model,with the parameterBG X]\ BM1 having the sizeof the naturalSUSY breakingscale\ 0m2 ^ YZ# 1 TeV $ , a smallvaluefor B requiredby theresonanceconditionB ^ Γ1

^ YZ# 0 � 1 GeV $
can thus be obtained. The region of the soft SUSY massesthat give rise to sufficient baryon
asymmetryis shown in Fig. (1b).
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